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3) Lattice parameters of the NixMg1-x(OH)2 structure
Figure S 3. Evolution of the lattice parameter a and c versus Ni content for the NixMg1-x(OH)2 series
Details of XRD fit. The powder XRD data were analyzed by full pattern fitting according to the Rietveld method as implemented in the TOPAS software [TOPAS version 5, copyright 1999 [TOPAS version 5, copyright -2014 Bruker AXS]. The program uses a convolution approach 1,2 to synthesize the diffraction peak profiles from instrumental 3, 4 and sample contributions. respectively) were tabulated. In addition to the lattice parameters a and c, the Mg/Ni site occupation ratio and the z coordinate of the oxygen site were refined. The isotropic thermal displacement parameters were not refined but fixed at an arbitrary value of Beq = 1 Å 2 for all atoms. 
4) Lattice parameters and calculated mass loss
5) TGMS analysis
The thermal decomposition corresponding to the endothermic event mentioned earlier correspond to the loss of water from the hydroxy-solid solution to the oxidic NixMg1-xO compound. One can notice that after the main water loss between 220 and 380°C, the water signal shows a tail between 380 and 600°C, corresponding to the progressive loss of water during the final phase transformation, from the brucite to the NaCl structure. Finally, at 500°C, we observed a small signal (m/z=30) corresponding to the release of nitric oxide, coming from the metals precursors (nitrates). As such, all precursors were calcined at 600°C to insure the formation of the oxidic solid solution NixMg1-xO, and to assure the release of the residual nitrates. For more clarity, only four of the samples are shown Figure S4 . Details of XRD fit. In the case of the oxides Mg1-xNixO, an isotropic model was used to describe the sample-related profile contribution using the double-Voigt approach 6 . Both size and strain broadening were necessary to fit the profiles satisfactorily. In addition to the lattice parameter a, a common isotropic thermal displacement parameter Beq for all sites and the mixed occupation parameter for the shared Mg/Ni site were refined. 
Figure S 4.A) TG-MS analysis of the NixMg1-x(OH)2 series. B) DSC analysis of the therm al decomposition [30-500°C]
NixMg1-x(OH)2
8) TPR profile
Figure S 7. A) TPR profile of the Ni_10 sample before and after reaction (100h TOS)
The comparison of the TPR profiles of the Ni_10 sample before and after catalysis showed some differences ( Figure S7 ). While the reduction peak referred to as "1" (750°C), attributed to ionic nickel single atoms embedded in the MgO matrix, was observed both before and after catalysis, the reduction profile obtained after 40h of time on stream revealed two new reduction events referred to as "2" (600°C) and "3"(350°C). Simultaneous mass-spectrometry analysis enabled the full analysis and understanding of those additional reduction events as presented Figure S8 . 
Figure S 8. A) MS signal during TPR of Ni_10 sample after reaction (100h TOS)
The reduction events 3, does not seem to correspond to a specific water release (m/z=18) but could rather be attributed to an event of m/z=16 and m/z=28, and as such do not indicate the reduction of NiO aggregates. The events 2 and 3 were attributed to a release of methane (m/z=16) and CO (m/z=28). It seems that upon increasing temperature, we observe the progressive hydrogenation of the CO2-based adsorbed species. The signal (m/z=16) corresponds however to the overlapping of two fragments CH4 + and O + , CH4 + being the molecular fragment of methane, and O + a fragment of H2O and CO. As such for the signal (m/z=16) the event 1 corresponds to O + through secondary fragmentation processes, while the peak 2 and 3 correspond to the main fragment of CH4. The attribution of this signal (m/z=16) to methane was further confirmed by the study of the CH3 + fragment (m/z=15), which does not correspond to a possible H2O of CO fragmentation path. Some traces of water are visible before event 1 (as a by-product of the carbonates hydrogenation) but one can see from the peak intensities that they correspond to traces and are not the main contributor of the peak observed in the TCD detector. Step of a 
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CO adsorption on Ni_10 after a pre-treatment in vacuum is presented Figure S19 .A+B. While CO adsorption on Ni_10 after a pre-treatment in H2 is presented Figure S19C+D . We can see that using a H2 pretreatment we titrate sites that were not accessible by the vacuum pre-treatment. Those sites were attributed in the literature to MgO at the steps of a monolayer. This observations are in good correlation with the theoretical predictions (CO2 on steps of a monolayer is extremely stable -245.1kJ/mol ) and with the microcalorimetry experiments (no high energy titration after vacuum pretreatment). 
